Background. The long-term risk of stroke after surgical treatment of atrial fibrillation is not well known. We performed an observational cohort study with long follow-up after the "cut-and-sew" Cox-maze III procedure (CM-III), including left atrial appendage excision. The aim was to analyze the incidence of stroke/transient ischemic attack (TIA) and the association to preoperative CHA 2 DS 2 -VASc (age in years, sex, congestive heart failure history, hypertension history, stroke/TIA, thromboembolism history, vascular disease history, diabetes mellitus) score.
Methods. Preoperative and perioperative data were collected in 526 CM-III patients operated in four centers 1994 to 2009, 412 men, mean age of 57.1 ± 8.3 years. The incidence of any stroke/TIA was identified through analyses of the Swedish National Patient and Cause-of-Death Registers and from review of individual patient records. The cumulative incidence of stroke/TIA and association with CHA 2 DS 2 -VASc score was estimated using methods accounting for the competing risk of death.
Results. Mean follow-up was 10.1 years. There were 29 patients with any stroke/TIA, including 6 with intracerebral bleedings (2 fatal) and 4 with perioperative strokes (0.76%). The remaining 13 ischemic strokes and six TIAs occurred at a mean of 7.1 ± 4.0 years postoperatively, with an incidence of 0.36% per year (19 events per 5,231 patient-years). In all CHA 2 DS 2 -VASc groups, observed ischemic stroke/TIA rate was lower than predicted. A higher risk of ischemic stroke/TIA was seen in patients with CHA 2 DS 2 -VASc score 2 or greater compared with score 0 or 1 (hazards ratio 2.15, 95% confidence interval: 0.87 to 5.32) but no difference by sex or stand-alone versus concomitant operation. No patient had ischemic stroke as cause of death.
Conclusions. This multicenter study showed a low incidence of perioperative and long-term postoperative ischemic stroke/TIA after CM-III. Although general risk of ischemic stroke/TIA was reduced, patients with CHA 2 DS 2 -VASc score 2 or greater had a higher risk compared with score 0 or 1. Complete left atrial appendage excision may be an important reason for the low ischemic stroke rate.
(Ann Thorac Surg 2017;104:523-9) Ó 2017 by The Society of Thoracic Surgeons A trial fibrillation (AF) is associated with substantial rates of morbidity and mortality, mainly due to the increased risk of cardioembolic stroke. The Cox-maze III procedure (CM-III) was introduced by James Cox more than 25 years ago as an open heart procedure for medically refractory AF [1] , and it is still considered the gold standard for surgical treatment of AF. The original aim of CM-III was to eliminate macro-reentrant circuits sustaining AF by strategically placed surgical incisions in both atria, thereby restoring sinus rhythm and atrioventricular synchrony. Excellent results of the CM-III have been reported with 70% to 96% freedom from AF up to 5 years postoperatively [2, 3] .
The left atrial appendage (LAA) has been increasingly recognized as the predominant source of thrombus formation and embolic stroke in nonvalvular AF [4] . Complete excision of the LAA has been a fundamental part of CM-III from the beginning. In theory, a successful CM-III operation, with return of sinus rhythm and with excision of the LAA, should reduce the risk of stroke. An early evaluation by Cox and colleagues [5] showed a low incidence of perioperative and postoperative stroke up to 11.5 years. In general, however, the long-term risks of stroke after surgical treatment of AF have been difficult to assess because of variations in patient characteristics, surgical techniques, and methods of follow-up. In addition, postoperative anticoagulation therapy protocols have varied between centers.
The Swedish Arrhythmia Surgery Group was formed to promote multicenter research of surgical AF procedures. Long-term results in a nationally assembled cohort of 536 Swedish CM-III patients have been presented regarding long-term mortality and clinical follow-up of cardiac rhythm and arrhythmia symptoms [6, 7] . Pet and colleagues [8] showed a low long-term risk of stroke in 389 patients after CM-III, unrelated to CHADS 2 (congestive heart failure history, hypertension history, age !75 years, diabetes mellitus history, stroke or transient ischemic attack [TIA] symptoms previously) score. However, the more contemporary use of CHA 2 DS 2 -VASc (age in years, sex, congestive heart failure history, hypertension history, stroke/TIA, thromboembolism history, vascular disease history, diabetes mellitus) score [9] may be more sensitive, particularly in low-risk patients. Therefore, we performed an observational cohort study in Swedish CM-III patients with the aim to evaluate the long-term incidence of postoperative ischemic stroke and TIA and to investigate if preoperative CHA 2 DS 2 -VASc score was associated with the long-term risk of stroke.
Patients and Methods
A total of 536 patients underwent CM-III in four Swedish cardiothoracic centers (Sahlgrenska University Hospital, Gothenburg; University Hospital, Uppsala; Karolinska University Hospital and Huddinge University Hospital, Stockholm) between 1994 and 2009. Of these, 10 patients were living abroad and could not be included in the register follow-up, leaving 526 patients in the study cohort. Preoperative, perioperative, and early postoperative (30 days) data were collected through review of patient records and analyzed in a collaborative clinical database. The baseline characteristics, outlined in Table 1 , were used to calculate preoperative CHA 2 DS 2 -VASc score [9] . There were 412 men and 114 women with mean age of 57.1 AE 8.3 years. In all, 78% underwent stand-alone CM-III, and 22% underwent CM-III concomitantly to other procedures, mainly mitral valve surgical procedures or coronary artery bypass grafting. Six patients underwent surgical procedures for mitral stenosis and were defined as having valvular AF preoperatively. The remaining patients were considered to have nonvalvular AF. In calculating the CHA 2 DS 2 -VASc score, vascular disease was defined as occurrence of previous myocardial infarction or coronary disease.
All patients, stand-alone or concomitant, underwent the classic "cut-and-sew" CM-III through a median sternotomy and with the aid of cardiopulmonary bypass. The LAA was completely excised in the same session in all patients.
Every Swedish citizen is allocated a unique personal identity number at birth. This was used in all 526 patients to retrieve information from the Swedish National Patient Register (NPR) and from the National Cause-of-Death Register at the Swedish National Board of Health and Welfare. The resulting study cohort database was then anonymized according to health authority regulations. The NPR covers all diagnoses as defined by the International Classification of Disease version 9 and 10 (ICD-10) for all patients admitted to Swedish hospitals from 1987 and onward [10] . The validity of the diagnosis of stroke in the NPR has been evaluated, with a positive predictive value of 98.6% [11] . For the present study, hospitalization under ICD-10 codes I60 to I69 were selected for definition of postoperative stroke, and ICD-10 code G45.9 for TIA.
All deaths in Sweden are reported to the National Board of Health and Welfare, with a cause-of-death form submitted by the responsible physician. Such data have been used in the National Cause-of-Death Register since 1952, currently classified according to the ICD-10 system. For the present study, cardiovascular deaths corresponded to codes I00 to I99 and cerebrovascular deaths to codes I60 to I69.
The occurrence of any stroke/TIA or death from the date of individual operation to the end of follow-up (December 31, 2013) was identified in the registers. These events were further analyzed in detail by reviews of individual patient charts. Patients with cerebral bleeding events were excluded from further analysis. In addition, procedure-related strokes were excluded, because these events were assessed to have a different cause than AF-associated cardioembolic stroke [12] .
The Regional Ethic Committee in Stockholm collectively approved the study for all participating centers.
Statistical Analysis
Patient characteristics are presented as frequencies and percentages for categorical variables and as means and SDs for continuous variables. Patients were categorized into two groups, depending on CHA 2 DS 2 -VASc score, and comparisons between the groups were based on t tests for continuous variables and c 2 tests for categorical variables. The primary outcome measure was ischemic stroke or TIA. Person-time in days was counted from the date of operation until the date of ischemic stroke/TIA, date of death, or end of follow-up. Because death was considered a competing risk, that is, an event that would impede the event of interest (ischemic stroke/TIA), we used competing risk regression based on the Fine-Gray proportional subhazards model [13] to calculate subdistribution hazard ratios (HRs) and 95% confidence intervals (CIs) according to CHA 2 DS 2 -VASc category (score !2 versus score 0 or 1). The cumulative incidence function was used to graph the rate of ischemic stroke or TIA, thus accounting for the competing risk of death. Data management and statistical analyses were performed using Stata 14.0 (Stata Corp, College Station, TX) and R version 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Mean follow-up was 10.1 years. In total, 29 patients with a postoperative diagnosis of any stroke/TIA were identified. Four strokes were perioperative (0.76%), three at the time of CM-III and one in relation to a reoperation for aortic valve replacement 6 years after CM-III. Five of the postoperative events were cerebral bleedings, one of which was fatal (subarachnoidal hemorrhage). One event was incorrectly registered as a postoperative stroke. The remaining study cohort consisted of 13 patients with postoperative ischemic stroke and 6 with TIA ( Table 2 ). The mean time-interval between operation and event was 7.1 AE 4.0 years. On-going anticoagulant medication at the time of event was none (47%), aspirin (37%), warfarin (11%), and unknown (5%). Rhythm at the time of event was sinus (53%), AF/atrial flutter (21%), pacemaker (5%), and unknown (21%). No patient with valvular AF had a recorded ischemic stroke/TIA. No patient had ischemic stroke as a recorded cause of death, but one of the patients with ischemic stroke later experienced a fatal intracerebral bleeding.
All 526 patients were stratified into two groups, either CHA 2 DS 2 -VASc score 0 or 1, or 2 or greater, based on preoperative characteristics. Consequently, there were significant differences between groups regarding age, sex, prior stroke, diabetes, hypertension, and heart failure ( Table 1 ). In all, there were 19 events of ischemic stroke/ TIA in 5,231 patient-years of follow-up, translating into a yearly rate of 0.36% ( Table 3 ). The number of postoperative events according to different preoperative CHA 2 DS 2 -VASc scores are listed in Table 4 . Although relatively few patients, there were no observed strokes in patients with CHA 2 DS 2 -VASc greater than 3.
A higher incidence of ischemic stroke/TIA was seen in patients with CHA 2 DS 2 -VASc score 2 or greater compared with score 0 or 1 (HR 2.15, 95% CI: 0.87 to 5.32, p ¼ 0.097) (Fig 1) . No difference in ischemic stroke/TIA rate was found by sex or type of operation (stand-alone CM-III versus concomitant procedures) (Fig 2) , or in relation to time of operation (1994 to 2001 versus 2002 to 2009). Throughout all CHA 2 DS 2 -VASc scores, the observed rates of ischemic stroke/TIA were clearly lower for these CM-III patients than predicted rates stated in 
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Comment
By means of register analyses, this study attempted to evaluate the true long-term incidence of ischemic stroke and TIA in a multicenter cohort of patients after the cutand-sew CM-III procedure, including LAA excision. Moreover, it aimed to compare observed with predicted stroke outcome, based on the CHA 2 DS 2 -VASc score. The main findings were a low incidence of perioperative stroke and a low incidence of late postoperative ischemic stroke/TIA. Patients with CHA 2 DS 2 -VASc score 2 or greater had a doubled risk of having a postoperative ischemic stroke compared with score 0 or 1, but observed rates were lower than predicted rates for all CHA 2 DS 2 -VASc groups.
Because of the development of catheter ablation for AF, the cut-and-sew CM-III could be regarded as a historical operation, but it is still considered the gold standard for surgical treatment of AF. In theory, a successful CM-III, with return of sinus rhythm and with elimination of the risk of thrombus forming in the LAA, should reduce the risk of AF-associated stroke. Although previous reports of stroke after surgical treatment of AF may sometimes be hard to evaluate, the present study showed comparable results with others. First, the incidence of perioperative stroke was 0.76%. Cox and associates [5] reported in 1999 a similar low incidence of perioperative stroke (0.7%) in 306 CM patients. The CM-III is an open heart procedure of considerable length and technical difficulty, but these perioperative stroke rates are lower than those reported for comparable contemporary valve procedures [15] . Second, the long-term incidence of postoperative stroke was 0.36% per patient-year. Cox and colleagues [5] found a similar long-term stroke rate of 0.38%, although the follow-up was done by interview method. In more recent patients followed prospectively after surgical biatrial ablation, Ad and colleagues [16] reported a yearly stroke rate of 0.51%. Hwang and colleagues [17] followed patients undergoing concomitant CM-III with mitral valve repair and found a low incidence of postoperative stroke after 5 years (0.06% per patient-year), even without anticoagulant therapy.
In general, a postoperative ischemic stroke rate of 0.36% is lower than the expected risk for AF patients with CHA 2 DS 2 -VASc score 0 [9, 14] . This could in part be because these Swedish CM-III patients were relatively young and otherwise healthy (78% had stand-alone CM-III). In the perspective of 10 to 15 years of followup, most patients in this study will have reached the age for an increased CHA 2 DS 2 -VASc score. Interestingly, the long-term risks of stroke/TIA after CM-III are comparable with those after catheter ablation for AF. In patients with maintained sinus rhythm after catheter ablation, stroke rates of 0.7% per year have been observed, even after discontinuation of anticoagulant therapy [18] . In a German study of more than 2,000 catheter ablation patients followed to 18 months, 16 events of stroke/TIA/systemic embolism were reported within 30 days of ablation and 15 events (0.72%) during the follow-up period [19] . The CM-III has been associated with excellent long-term rhythm results, with 75% of patients in sinus rhythm after 10 years [20] . In a recent electrocardiographic follow-up of the same cohort of Swedish CM-III patients as the present study, 82% had sinus or other regular supraventricular rhythm more than 9 years postoperatively [7] . However, the true prevalence of asymptomatic paroxysmal AF remains unknown, and the low rate of ischemic stroke/TIA after CM-III may not be attributed solely to freedom from AF. Instead, the removal of the LAA is most likely of significant importance. This surgical step has been a fundamental and nonoptional part of CM-III from the beginning. In fact, CM-III may be the only open-heart surgical procedure that includes complete LAA excision in all patients undergoing the operation. The LAA has traditionally been recognized as a main source of clot formation and embolization in nonvalvular AF. In one review, LA thrombus was found in 17% of nonvalvular AF patients, and 91% of these clots were found in the LAA [21] . Surgical closure of the LAA has been performed for years in many cardiac operations by ligation, over-sewing, or using stapling devices. However, recent studies have shown that traditional surgical closures may often be incomplete, paradoxically increasing the postoperative risk of stroke [22] . The current development in catheter-based LAA occlusion devices underscores the importance of the LAA [4] , and at present surgeons are focusing more on complete closure of the LAA using new devices. For the classic cut-and-sew CM-III, a complete LAA excision was performed in all patients, leaving the issue of incomplete closure out of the equation for the present follow-up.
Methods to predict the risk of stroke in different populations with AF are of major importance. The relationship between predicted stroke risk and observed stroke outcome after CM-III has been evaluated in previous studies. Ad and associates [23] found embolic stroke/TIA in 4 of 385 patients (0.42% per year) followed prospectively for 3 years, but a higher incidence of bleeding events (7.3% per year). The investigators found no significant correlation between CHADS 2 score and embolic stroke/TIA in these patients. Pet and colleagues [8] showed a low postoperative stroke rate in 389 CM-III patients after a mean of 6.6 years (0.2%) with no association to CHADS 2 score or the use of warfarin. In our study, the observed stroke rate was clearly lower than predicted for all CHA 2 DS 2 -VASc scores. The cumulative incidence of ischemic stroke/TIA was approximately 6% at 10 years for patients with CHA 2 DS 2 -VASc score 2 or greater compared with 2.5% for CHA 2 DS 2 -VASc score 0 or 1. The relative risk of stroke was about twice as high for CHA 2 DS 2 -VASc score 2 or greater compared with CHA 2 DS 2 -VASc score 0 or 1, but this did not reach statistical significance because of the low number of events.
In contrast to the study by Pet and colleagues [8] , which had a limited follow-up and used the interview method to identify stroke incidence, we do believe there is an association between CHA 2 DS 2 -VASc and stroke in our patients. A register-based follow-up is more comprehensive and reliable in detecting the true number of strokes, as well as excluding other diagnoses that may simulate stroke symptoms. In addition, the CHA 2 DS 2 -VASc score is considered more sensitive than the CHADS 2 score, especially for low-risk patients. In our study, 68% of patients had a CHA 2 DS 2 -VASc score of 0 or 1. We also believe the statistical methods used, accounting for the competing risk of death, are more accurate in assessing the long-term risk of stroke. Currently, the CHA 2 DS 2 -VASc score is widely used to determine which AF patients benefit from anticoagulant therapy. In the previously referred studies [8, 17, 23] , the low number of postoperative strokes and the lack of association between stroke and CHADS 2 score caused the investigators not to recommend using CHADS 2 for evaluation of anticoagulant therapy. In our study, the low number of strokes observed even in patients with higher CHA 2 DS 2 -VASc scores may suggest that anticoagulant therapy is not necessary in surgically treated AF patients. However, this study represents a historical cohort of young and quite healthy AF patients. At present, most patients undergoing surgical treatment of AF are older concomitant valve or coronary artery bypass grafting patients with more complex comorbidities. They are now treated with the CM IV procedure using cryoablation or radiofrequency ablation, and we do believe in the appropriateness of using the CHA 2 DS 2 -VASc score and associated guidelines for postoperative anticoagulation treatment in these patients.
Limitations
This study suffers from the inherent limitations of a retrospective analysis. The results depend on the reliability of register data used, assuming that any postoperative stroke has resulted in a hospitalization and recorded as the correct diagnosis in the NPR. The validity of the diagnosis of stroke is strong in the NPR, with a sensitivity (proportion of patients with actual stroke identified in NPR) of 84% to 98% and a positive predictive value (correct diagnosis in NPR) of 98.6% [11] . Clearly, the number of TIAs postoperatively may be higher, because this is harder to differentiate from other diagnoses, and some patients may not even seek medical care for transient symptoms. In addition, we could not discern the role of postoperative anticoagulation therapy in this study. Medication after CM-III varied between centers and time eras and also on an individual basis according to cardiologist preference. We could not determine the medication history of all patients, especially in most patients who did not have a register-reported stroke or TIA. However, 80% of patients underwent surgical procedures in two centers with a clear policy of discontinuing warfarin immediately after CM-III and instead using aspirin. In the present follow-up, 84% were on aspirin or nothing at the time of their stroke/TIA event. We believe this study reflects the true incidence of ischemic stroke/TIA in CM-III patients without anticoagulant therapy in the ensuing years after the operation. The rhythm of the patients at the time of hospital admission for their event was predominantly sinus rhythm, but this fact is quite insignificant, because the incidence of residual silent paroxysmal AF is unknown. Although not proven, we believe this study indicates that the low incidence of stroke/TIA, regardless of rhythm, may be attributed to excision of the LAA.
Conclusions
We found a low incidence of perioperative and long-term postoperative ischemic stroke/TIA in a multicenter follow-up of AF patients undergoing cut-and-sew CM-III. Although the general risk of ischemic stroke/TIA was low, patients with preoperative CHA 2 DS 2 -VASc score 2 or greater had a higher risk than CHA 2 DS 2 -VASc score [14] ischemic stroke rate (% per year) according to CHA 2 DS 2 -VASc (age in years, sex, congestive heart failure history, hypertension history, stroke/transient ischemic attack, thromboembolism history, vascular disease history, diabetes mellitus) score in patients who underwent the Cox-Maze III procedure. Note that there were no observed strokes in patients with a CHA 2 DS 2 -VASc score greater than 3. 0 or 1. Complete LAA excision may be an important reason for reduced ischemic stroke rate.
